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Abstract I lie cloud occurs tor higher percentage oriime than rams so its eflccls in relation to the delerioralion ol signals m the radio svstems can
iitii be Ignored In this paper, cloud sliilislics over Kolkata lor dincrcnl months have been presented I’lie attenuation ol iadiowave due to clouds from 10 
(il 1/ to 100 CjI 1/ IS more in winter seiLson than the other seasons
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I In t r o d u c t io n
Kadio c o m m u n ic a tio n  sy s te m s  sp e c ia lly  d e s ig n e d  w ith  low  
power m arg in s  a rc  a f fe c te d  b y  c lo u d  [11. I f  o c c u rre n c e  
sialisttcs o f  c lo u d  an d  ra in  a rc  k n o w n  a t th e  d e s ig n  s tag e  o f  
ladio c o m m u n ic a tio n  sy s te m s , th en  p o w e r re q u ire m e n t fo r 
t.ictical c o m m u n ic a tio n s  can  be ta k e n  c a re  of. M an y  w o rk ers  
1? 7 1 s tu d ied  c lo u d  a n d  ra in  e ffe c ts  on  m ic ro w av e  and  
m illim eler w a v e s  in th e  p as t, o v e r  d if fe re n t p a rts  o f  the 
wnild B ut, th e  c lo u d -b a s e d  s tu d ie s  in re la tio n  to  th e  
iiHcnuation o f  ra d io w a v e  d u e  to  c lo u d  o v e r In d ian  lo ca tio n s , 
h.ivc not b een  d o n e  in th e  p as t. T h is  is th e  firs t tim e  an 
iiiicmpt has b e e n  m a d e  fo r th e  In d ian  su b c o n tin e n t.
I he p r im a ry  m a x im a  o f  c lo u d in e s s  a re  fo u n d  b e tw een
and 60^’ n o rth  a n d  so u th  la titu d e s . In th e se  la titu d es  in 
llic tcm pcrjite  z o n e s , th e re  is p re p o n d e ra n c e  o f  cy c lo n e s  an d  
Imnis In e a c h  h e m isp h e re , th e re  is o n e  b e lt o f  m in im u m  
anioLini o f  c lo u d in e s s  th a t c o in c id e s  w ith  th e  la titu d es  o f  
sub trop ica l a n t ic y c lo n e s  a n d  t r a d e  w in d s . W ith in  th e  
subtrop ical h ig h  p re s s u re  b e lt , th e  c lo u d in e s s  is less on  
^oniinen is th a n  o n  th e  o c e a n s . B e c a u se  o f  th e  d e sc e n d in g  
ibr cu rren ts  in th e  su b tro p ic a l b e lt, a ll th e  h o t d e se r ts  o f  th e  
w orld are  lo c a te d  h e re . It is th e re fo re , n a tu ra l fo r c lo u d in e ss  
reach its m in im u m  in th e s e  re g io n s  m a rk e d  by  c le a r  sk ies. 
Besides th e se , th e re  a re  a n n u a l a s  w e ll as  d iu rn a l v a ria tio n s  
'n the am o u n t o f  c lo u d in e s  in  a  p a r t ic u la r  re g io n  [8]. In th e
eq u a to ria l reg io n , th e re  is little  v a ria tio n  in am o u n t o f  
c lo u d in ess  from  one  m onth  to  o ther. R ut b e tw een  10*’ *20” 
N o rth  and South  la titu d es, th e  c lo u d  m ax im u m  o c c u rs  d u rin g  
su m m er m o n so o n  m on th s. 1 he w este rn  s id e s  o f  c o n tin en ls  
w ith in  the su b tro p ica l bell have the co o l seaso n  m ax im a  o f  
c lo u d in ess  as w ell as p rec ip ita tio n . In the h ig h e r  la titu d es, 
th e  c o n tin e n ta l in te rio rs  have  a su m m e r m ax im u m  o f  
c lo u d in e s s , s in c e  w in te rs  a re  m ark ed  by a n tic y c lo n ic  
co n d itio n s  th ere . D aily  v a ria tio n  o f  c lo u d in ess  is a fu n ctio n  
o f  the type o f  c lo u d  p resen t in the  sky  In ca se  o f  cu m u lu s  
c lo u d s , a m ax im u m  is reach ed  in the early  an d  m id d le  
a fte rn o o n . S tra tu s and  o th e r s tra tifo rm  c lo u d s  sh o w  th e ir  
m ax im u m  in th e  early  m o rn ing .
It has b een  found  that the c lo u d  o ccu rs  fo r lo n g e r p e rio d  
on y ea rly  av e rag e  than  the rain . T h e re fo re , th e  s tu d y  on the 
-effects o f  c lo u d s  o n  ra d io w a v c  in  m ic ro w a v e  a n d  
m illim e le rw av e  freq u en cy  b an d s  d u rin g  d iffe re n t m o n th s 
and tim e, is ra th e r im p o rtan t o v e r d iffe re n t lo ca tio n s  in India. 
S om e s tu d ies , on  the s ta tis tic s  o f  the ra in  e ffec ts  cau sin g  
a tten u a tio n  o f  ra d io w av es  h av e  a lread y  b een  d o n e  [ 9 - 1 1|. 
B u t th e  s tu d ies  re la ted  to  th e  a tte n u a tio n  d u e  to  c lo u d  
sta tis tic s  a re  lack in g  o v e r the In d ian  su b co n tin en t.
In  th is study , an  a ttem p t h as b een  m ad e  to  d e d u ce  
th e  s ta t is t ic s  o f  c lo u d  o c c u r r e n c e s  w h e n  th e  sk y  is 
c o v e re d  w h o lly  o r  p a rtia lly  o v e r an  In d ian  tro p ica l s ta tio n ,
’^01 responding Author
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K o lk a ta  (2 2 .3 2 ^ N , 8 8 .2 7 "[-)  d u rin g  d ift'e rcn t lim e o f  d ay  and  
n ig h t fo r  a ll th e  m o n th s . It has b een  found  th a t d u rin g  day  
lim e  (0 8 3 0 , 1130, 1430, and  1730 l l r s  1ST) in th e  m o n th s  
o f  Ju n e , Ju ly , A u g u s t an d  S ep tem b er, th e  sky  is co v e red  w ith  
c lo u d  fo r a s ig n if ic a n t p e rc e n ta g e  o f  tim e  (9 2 %  to 9 5 % ). 
W h ile  d u rin g  n ig h t tim e , it h as a lso  been  o b se rv e d  th a t in 
th e  m o n th  o f  Ju n e , Ju ly , A u g u st and  S e p tem b er the  sky  is 
c o v e re d  w ith  c lo u d s  fo r a c o n s id e ra b le  p e rcen tag e  o f  tim e 
(7 3 %  to  8 8 % ) T h e  a tte n u a tio n  d u e  to  c lo u d  from  10 G H z  
to  100 G H z  h as a lso  b een  d e d u c e d  It is seen  th a t the  
a tte n u a tio n  d u e  to  c lo u d  is m o re  in w in te r  seaso n  th an  in 
o th e r  sea so n s .
2. R e s u lts  a n d  d is c u s s io n s
It h as b een  re p o r te d  th a t the  d en sity  o f  w a te r co n te n t in 
c lo u d  v a r ie s  fro m  0 .1 5  g m U o  1 g rn ' an d  its co n c e n tra tio n  
v a rie s  from  7 0 %  p e r  e n f  to  4 0 %  p e r cni^ [3]. T h e  a v e rag e  
d ia m e te r  o f  c lo u d  p a rtic le s , re p o rte d  by S lo b in  [3] v a ries  
from  9 p m  to  3 0  p m  w h ile  ra in d ro p s  hav e  size  d is tr ib u tio n  
o f  100 p m  to  5 m m  T h e  c lo u d  is not ^^aler v a p o u r and 
re la tiv e  h u m id ity  is 100%  w ith in  th e  c lo u d , ( 'lo u d  is a lso  
fo u n d  at h ig h  te m p e ra tu re  as wvW as low tem p era tu re  o f  
w h ich  h ig h  leve l c lo u d s  c o n s is t o f  ice p a rtic le s . Ice  p a rtic le s  
h av e  no  e ffec t on  th e  m ic ro w a v e  freq u en cy  o f  rad io w av e . 
T h e  th ic k n e ss  o f  the  c lo u d  v a ries  from  1 5 km  to  2 .5  km  
d e p e n d in g  u p o n  th e  ty p e  o f  th e  c lo u d  S lo b in  |3 |  rep o rte d  
th a t fo r  lig h t c lo u d , th e  th ick n ess  is a ro u n d  0 .2  km  w h ile  
fo r  m e d iu m  c lo u d , th e  th ic k n e ss  is 0 .5  km  and  fo r h eav y  
c lo u d , the  th ic k n e ss  is 1 km  and  1.5 to  2 km .
T h e  low  c lo u d  d a ta  o b ta in ed  from  the Ind ia M eteo ro lo g ica l 
D e p a rtm e n t is u sed  to  d e d u c e  th e  c lo u d  o c c u rre n c e  s ta tis tic s , 
fh e  d a ta  p e rta in s  to  th e  p e rio d  1985  to  1990 T h e  o b se rv a tio n s  
a re  a t an  in te rv a l o f  3 Mrs in  24  f irs , fh e  n ig h t lim e 
o b se rv a tio n s  a re  tak en  d u rin g  2 0 3 0  H rs 1ST, 2 3 3 0  Mrs 1ST, 
0 2 3 0  H rs IS I an d  0 5 3 0  H rs 1ST. T h e  fo u r o b se rv a tio n s  on 
each  d ay  an d  n ig h t a re  g o o d  en o u g h  to  be th e  re p re se n ta tiv e  
c o n d itio n s  o f  d ay  a n d  n ig h t. T h e  re su lts  on  c lo u d  s ta tis tic s  
h av e  b een  p ro v id e d  on  m o n th ly  b asis  in th is paper. T h e  day  
lim e  an d  n ig h t tim e  a v e ra g e  c lo u d  s ta tis tic s  o f  a m o n th  a re  
th e  tru e  re p re se n ta t iv e  o f  th e  d a ily  c lo u d  s ta tis tic s  in th a t 
m o n th .
T h e  c lo u d  c o v e r  is e s tim a te d  by  an  o b se rv e r  v isu a lly  an d  
re p o r te d  as th e  n u m b e r  o i f  e ig h th s  o f  th e  sk y  co v e re d  by 
c lo u d s  [12J ( IM D , 2 0 0 0 )  T h e  c lo u d  c o v e r  is c.slim atcd by 
th e  o b se rv e r  an d  e x p re s se d  on  a sca le  ra n g in g  from  0 to  8 
O c ta s . H e re  0 O c ta s  m ean s  c le a r  sky, 4  O c ta s  m ean s  th a t 
o n e -h a l f  (o r  fo u r -e ig h th s )  o f  th e  sk y  is c o v e re d  w ith  c lo u d  
a n d  8 O c ta s  m e a n s  fu lly  c o v e re d  (o v e rc a s t) .
T h e  n u m b e r  o f  d a y s  th e  sk y  is c o v e re d  w h o lly  o r  p a rtia lly  
w ith  c lo u d s  d u r in g  th e  d if fe re n t tim e  in a d a y  in each  m o n th  
is sh o w n  in F ig u re  I. It is se e n  in F ig u re  1 th a t in th e  m o n th  
o f  Ju n e , Ju ly , A u g u s t an d  S e p te m b e r, th e  c lo u d  o c c u rre n c e s  
a rc  v e ry  s ig n if ic a n t ( 2 0 - 3 0  d ay s) . In  the m o n th s  o f  A p ril, 
M ay, O c to b e r  a n d  N o v e m b e r, th e  c lo u d  o c c u rre n c e s  a re
m o d e ra te  (15-20 d a y s) w h ile  d u rin g  th e  m o n th s  of Januarv 
F eb ru ary , M a rc h  and  D ecem b er, th e  c lo u d in e ss  is less 
s ig n ific a n t ( 5 - 1 0  d ay s).
M o n th s
ri)>ijre I. Number (jl tlnys the sky is covered wholly or parliallv with doiul 
111 diHerent months diirin^ .^  various time o( observations in da\ time our 
Kolkata
F ig u re  2 sh o w s th e  n u m b e r o f  n ig h ts , th e  sk y  is covered 
w h o lly  o r  p a rtia lly  w ith  c lo u d s  d u rin g  th e  d iffe re n t tim e in 
a n ig h t in each  m o n th . It h a s  b een  o b se rv e d  from  heic 
th a t th e  Ju n e , Ju ly  an d  A u g u st m o n th s  a rc  v e ry  significaru 
(25  30  d ay s) fo r th e  c lo u d  o c c u rre n c e s  w h ile  M ay and 
S e p te m b e r  m o n th s  a re  a lso  s ig n if ic a n t fo r  2 0 -2 5  day.s
Jai Feb Mr A|t May Jin Jul AuB Sep Nov Dec 
Months
Figure 2. Number of nights the sky is covered wholly or partially with 
cloud in difTcrent months during various lime of observations in night time 
over Kolkata
C l o u d  c h a r a c t e r i s t i c s  a n d  c l o u d  a t te n u a t io n  o v e r  K o l k a ta 4 0 5
yi-,rch, A p ril and O ctober months show m oderate occurrences 
cloudiness ( 1 0 - 2 0  days) and the months o f  January, 
\ cbriiar>, N o ve m b er and D ecem ber show very less cloudiness 
,2  10 days).
T he trend o f  num ber o f  days o f  cloud occurrences w holly  
or partially during each m onth fo r a ll the four observations 
in  a day are shown in Figure 3. It has been observed that
April
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The range o f  results on attenuation o f  radiow ave due to 
cloud for diHerent water particle density vary ing from  0.1 
gm/m^ to 1.0 gm/m^ and at different frequencies and at 0 ‘^ C 
isotherm height ( 2 7 1 K ) which is assumed to be cloud  
temperature in this study, has been estimated by the fo llow ing  
expression provided b> Slovin [3] and Staelin |13| .
a -------------- --------------- -----------------------------  dD /km ,
A"
where a  ~ Specillc attenuation due to cloud (dB/1<m),
A/ C loud water particle density (g /m ^),
T Cloud temperature (K) ,
 ^ Wavelength o f  radiowave (cm ).
table I. SpccilK niiLiiiialion nl raJicnvavc witli varMiig tloiul wnlcr 
parlidc cJl'mmIics
h'jiiic J. hiimiLil vmialion in cloiuJ observations dnrniLi lime onlv 
;n (.liKeri'iil morillis over Kolk.ila
ilu diurnal variation is not prom inent in the months o f  June, 
lubi, August and Septem ber when the cloud occurrences are 
m axim um  But in other months when the cloud occurrences 
me li.ss, there is varia tion  in occurrences in d ifferent tim e
I iiMire 4 presents the cloud occurrences in different time 
Jill mg night in d ifferent months It is seen that slight 
f iliations are there in occurrences o f  clouds in d ifferent 
lime during the d ifferen t months.
Specific Aitciuimion (dlf^km)
rcqiicncy M 0 1 A/ 0 1 A/ -  0 5 A/ 0 75 A/ -  1 0
(Clll/) g m ' c m ^ g m ' g m * e n r ’
10 0 008 0 025 0 058 0 058 0 077
20 OOH 0 092 0 154 0 231 0 308
(0 0 069 0 208 0 U6 0 519 0 092
40 0 125 0 509 0 ( . |5 0 923 1 210
50 0 19? 0 577 0 901 1 442 1 925
60 0 277 0 8H 1 384 2 076 2 768
70 0 377 1 n o 1 884 2 826 5 768
80 0 492 1 470 2 461 5 619 4 922
90 0 622 1 809 5 114 4 672 6 228
100 0 769 2 507 5 845 5 767 7 690
Tunc (IS'l) Mis
hi!iiic 4. Diurnal variation in cloud observations diinng nighi lime only 
months over Kolkata
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